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• Precise, non-destructive, thin-film optical measurement.	

• Uses the change in polarization of light induced by reflection to 





















• Ψ is the angle whose tangent is the ratio of the 
magnitudes of the total reflection coefficients.	

• Δ is the phase shift induced by reflection.	








• Tauc-Lorentz (TL) model for SiNPs with 70.6% porosity2.	

• Maxwell Volume Approximation Theory (VAT) used to approximate 








Bruggeman Effective Medium 
Approximation (BEMA)	

• Void space with SiNPs and SiO2	

• Depolarization factor of 1/3 for 
spherical inclusions. 	

Optical constants used to generate theoretical behavior of Ψ and Δ. 	

SiNP Ellipsometric Fits 	

Generated reflection data was 
compared to experimental results.	

• MSE of best sample was less than 40	

• Thickness and void percentage highly correlated	

• Profilometry was used to obtain an independent 
measure of thickness.	

• Thickness and density variations cause nonlinear 
interference effects (depolarization).	

Amorphous silicon films on glass were fit with a Mean Standard Error  (MSE) of less than 10.	

• Deposition of more uniform SiNP layers.	

• An external measure of SiNP void percentages on 
one sample could allow the development of a 
unique TL model for future samples.	










In	   this	   study,	   variable	   angle	   spectroscopic	   ellipsometry	   (VASE)	  
was	  used	  to	  develop	  a	  model	  to	  inves>gate	  the	  void	  percentage	  






Silicon	   nanopar>cles	   (SiNPs)	   can	   be	   incorporated	   into	  
hydrogenated	   amorphous	   silicon	   (a-­‐Si:H)	   to	   form	   nanocrystalline	  
silicon	  (nc-­‐Si)	  for	  photovoltaic	  use.	  SiNPs	  show	  poten>al	  for:	  
• Stabiliza>on	   against	   light-­‐induced	   degrada>on	   present	   in	   a-­‐Si:H	  
films.	  
• Bandgap	  tunability	  
• Higher	   electrical	   conduc>vity,	   charge	   carrier	   mobility,	   and	  
absorp>on	  in	  the	  near-­‐infrared	  regime.	  
However,	   these	   beneficial	   proper>es	   of	   SiNPs	   are	   dependent	   on	  
the	  minimiza>on	  of	  void	  space	  in	  the	  material.	  Understanding	  void	  
percentage	   in	   SiNP	   deposits	   is	   crucial	   for	   producing	   high-­‐
performance	  films.	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